Honey Bee Larval Rearing. Hives used in this experiment were selected based on low prevalence of viruses in nurse bees (five from each of 5 hives, total N=25) taken within 2 weeks of the first grafting from each hive. All hives and the virus inoculum were negative for SBV. IAPV was detected in one individual in hive 1, BQCV was detected in one individual in a hive 2 split, and DWV was detected in 3 individuals in the hive 2 split. Based on the relatively low levels of the viruses of interest detected in this screening, these hives were deemed suitable for this work.
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Honey Bee Larval Rearing. Hives used in this experiment were selected based on low prevalence of viruses in nurse bees (five from each of 5 hives, total N=25) taken within 2 weeks of the first grafting from each hive. All hives and the virus inoculum were negative for SBV. IAPV was detected in one individual in hive 1, BQCV was detected in one individual in a hive 2 split, and DWV was detected in 3 individuals in the hive 2 split. Based on the relatively low levels of the viruses of interest detected in this screening, these hives were deemed suitable for this work.
Larvae were reared according to a modified protocol described in Schmehl et al. 2016 1 . Because a sterile environment is critical when performing the initial grafting and subsequent feedings, a sterile, temperature controlled cabinet was designed and assembled by Randall A. McCullough, Senior Research Aide in Noll Laboratories at Pennsylvania State University. The 91.5 cm wide, 61 cm tall and 61 cm deep frame was assembled using 80/20® Quick Tube material and covered in Frost King® shrink film window insulation. A Plexiglass sash with adjustable height served as the opening through which grafting and feeding manipulations were performed. The chamber was placed on an aluminum covered surface and was sterilized with ethanol and a bleach solution before and after each use. To ensure sterile air flow throughout the chamber, a commercial HEPA air filter was fitted to vacuum tubing used to generate positive air pressure in the cabinet. To control the heat of the filtered air, a temperature/solid state relay was used to control the heating output of two 350 watt heating elements wired in parallel by referencing output air temperature. An image of the chamber is shown in Fig. S5 . Aside from the use of the sterile chamber, the protocol described in Schmehl et al. 2016 1 was followed.
Grafting commenced on June 1, 2015 and the final round was performed on July 5, 2015. Fig.  S7 depicts the arrangements and relationships of the hives used in this study and the exact dates that each grafting was performed. Due to the unpredictable nature of honeybee hives as a model organism, splits of the original hiveswith sister queens were used as replacement colonies in the event of queen death or absconding. Colonies 2 and 3 both experienced queen death during the course of the experiment, and a sister colony (split from the original colony with a daughter queen) was used to complete the remaining replicates. While we acknowledge that this is an imperfect replication, we believe this solution to be the most practical and effective. Total control of the genetic heritage of the brood used in these experiments is beyond the scope of this research and may not be of practical importance for beekeepers.
Positive Control. Because the toxicity of OSS to larvae was unknown and the mode of action has not been previously explored, we did not use a traditional positive pesticide control such as dimethoate. Instead, we administered a chronic dose of OSS at 100 ppm v/v to larvae in diet (OSS-100). Based on log-rank significance tests, the survivorship of OSS-100 to adult eclosion was significantly lower than Ctrl or OSS (10 ppm), higher than OSS+V(10 ppm) but not significantly different than Ctrl+V (p≤0.000, 0.002, 0.002, and 0.9472 respectively).
RNA Extraction.
In the interest of time and limited money, RNA was extracted from the first experimental replicate in hive 1, the second from hive 2, and the third from hive 3 (second from hive 3-split). These selections were made in an effort to consider variations in time and space. Samples were further selected following the extractions based on the concentration and purity of RNA. Individual larvae were manually homogenized using a plastic pestle and RNA extraction was carried out using TRIzol® Reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's method. Homogenized larvae were vortexed with 0.5 mL Trizol and incubated for 3 minutes at room temperature before centrifugation. Precipitated RNA was purified using the RNA Clean and Concentrator TM -5 kit (Zymo Research, Irvine, CA). Samples were selected based on the purity of extraction (260 nm/280 nm absorbance ratios above 1.8) Ctrl samples were comprised of 3 larvae from hive 1, 2 from hive 2, and 4 from hive 3 for a total N=9. Ctrl+V samples were comprised of 3 larvae from hive 1, 3 from hive 2, and 4 from hive 3 for a total N=10. OSS samples were comprised of 3 larvae from hive 1, 3 from hive 2, and 4 from hive 3 for a total N=10. OSS+V samples were comprised of 3 larvae from hive 1, 3 from hive 2, and 3 from hive 3 for a total of N=9.RT-PCR. CDNA was synthesized using M-MLV Reverse Transcriptase (Promega Corporation, Madison, WI) using the protocol described in Cox-Foster et al. 2007 2 . RT-PCR was performed using Sybr® Green Master Mix (Life Technologies, Carlsbad, CA) according to the manufacturer's protocol. For actin, IAPV, DWV, and SBV, the following thermal profile was used: 8 minutes at 94 °C, 35 cycles of 1 minute at 94 °C, 55 seconds at 51.5 °C, and 1 minute 25 seconds at 72° C, and an extension step of 10 minute at 72 °C. For BQCV, the thermal profile used was as follows: 8 minutes at 94 °C, 38 cycles of 1 minute at 94 °C, 1 minute at 55 °C, and 1 minute 15 seconds at 72 °C, and an extension step of 10 minute at 72 °C.
qRT-PCR. Q-RT-PCR was performed using Power Sybr® Green Master Mix (Life Technologies, Carlsbad, CA) with a reaction volume of 20 µL composed of 10 µL master mix, 5 µL nuclease free water, 2 µL each of forward and reverse primers, and 1 µL cDNA template. The following thermal profile was used: 2 minutes at 50 °C, 10 minutes at 95 °C, 40 reps of 15 seconds at 95 °C and 1 minute at 60 °C, and a dissociation step of 15 seconds at 95 °C, 1 minute at 60 °C, and 15 seconds at 95 °C. The temperature at which each product dissociated was used to ensure that the correct product was amplifying. To verify the novel primer set used to quantify the expression of 18-wheeler, a new reverse primer was used to generate a longer product containing the original product used for q-PCR. Following gel purification, The product of this primer set was validated by Sanger sequencing of the subcloned purified product (pGEM®T Vector System, Promega Corporation, Madison, WI). All PCR primers are listed in Supplementary Table S6 .
Data Analysis. All expression and virus data were normalized to actin, an established and reliable endogenous control, and expression was calculated according to the formula 2 -ΔCt . The ΔCt was calculated by subtracting the Ct (or cycle time at which a fluorescent signal is amplified above a threshold) of actin from the Ct of the gene or virus of interest. The ΔCt method was used instead of the ΔΔCt method, which compares the ΔCt of a treatment group to a control group, in order to facilitate comparisons of individual data points 3 . The number of samples used in each group are as follows: Ctrl n=9, OSS n=10, Ctrl+V n=10, OSS+V n=10.
Absolute quantification of IAPV in the virus inoculum was performed using Microsoft Excel 2010 ® . The calibration curve used is shown in Fig. S4 . Statistical analysis was accomplished using JMP Pro 12 ® (SAS Institute, Cary, NC).
Regression analysis was performed to determine whether seasonality affected the outcome of the experiment, using day of grafting to predict day of death. No significant relationship was found (n=168, R 2 adj.=0.000215, df=682, p<0.2846). To identify hive effects, a least squares regression model was fit to each gene or virus of interest in response to hive source. IAPV and BQCV titers and 18 wheeler expression were significantly predicted by hive (least squares regression, hive 1 and 2: n=12, hive 3: n=15; IAPV: R 2 adj.=0.290, df=38, p<0.0008; BQCV: R 2 adj.=0.113, df=38, p<0.0433; 18-wheeler: R 2 adj.=0.298, df=38, p<0.0006). According to a post hoc Tukey's HSD test, the highest titers of IAPV and the highest expression of 18-wheeler were observed in hive 2. Titers of BQCV were found to be significantly higher in hive 2 compared to hive 1, and titers in hive three were intermediate according to a Tukey's HSD test. . When hive was used to predict the day of death of the larvae using a standard least squares model, individuals in hives 2 and 3 were found to die significantly sooner than individuals in hive 1. This data demonstrated that viral titers and mortality varied between individuals from different hives in a similar manner. The increased expression of 18-wheeler and the higher IAPV titers in hive 2 suggests that this gene is an important player in defense against these viruses. 
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